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Summary Intractable epilepsy and peculiar EEG patterns characterize ring chro-
mosome 20 syndrome [r(20)], while dysmorphic features, mental retardation and
behavioural disturbances are widely variable. The clinical evolution of r(20) over time
is not well defined as relatively few cases have been reported. Here we describe a
patient with severe clinical features followed for a 25-year period. The patient was
subjected to clinical, psychometric and EEG evaluation twice a year from the age of 21
years. Cytogenetic studies, using chromosome analysis and fluorescence in situ
hybridization (FISH) and several immunological investigations were performed. Ring
chromosome 20 was found in 50% of examined metaphases with the deletion of
subtelomeric regions 20p and 20q. Our patient presented with marked dysmorphic
features, severe mental retardation, tetraparesis, dysarthria and intractable epilepsy
with onset during the first year of life. During follow up, EEG findings and clinical
features progressively worsened: a progressive disorganization of background EEG
activity occurred and mental and motor impairment evolved. The severity of clinical
expression depended on the extent of chromosomal deletion and on the haploinsuf-
ficiency of other important related genetic loci due to ring instability. The progressive
worsening of both clinical and EEG features over a long period, which has also been
reported by other authors, further characterized this syndrome.
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Dysmorphic features, mental retardation and beha-
vioural disturbances are widely variable in ring
chromosome 20 syndrome [r(20)], while epilepsy
appears to be a constant phenotypic feature.1—3
The relationship between severity of clinical fea-
tures and the degree of chromosomal abnormalities
is well defined.4 Ring chromosome 20 syndrome
[r(20)] was first described in 1976 by Borgaonkar
et al.5 andmore than 50 patients with this syndrome
have been reported to date. r(20)s clinical evolu-
tion over time is not well defined as only a few cases
followed for a long period have been reported. Here
we describe a sporadic r(20) case, with complete
and severe phenotypic expression and drug resis-
tant epilepsy, whose clinical and EEG findings
showed a progressive deterioration over a 25-year
observation period. The description of new cases
with long-term follow-up may contribute toward a
better definition of the clinical features of r(20)
syndrome.Case report
A 46-year-old female patient was born of normal,
non-consanguineous parents. The patient has been
followed for 25 years (since 21 years of age) withFigure 1 The patient at 40 years withdaily seizure recording and clinical, psychometric
and EEG examinations twice a year.
Phenotypic examination (Fig. 1) revealed hypos-
omy, facial dysmorphism with hypertelorism, low
set ears and a high palate. Psychomotor develop-
ment was markedly delayed and neurological exam-
ination showed spastic tetraparesis, dysarthria,
motor incoordination and severe mental retarda-
tion. Cranial MRI showed mild, cerebellar atrophy.
During follow-up, a slow progressive clinical dete-
rioration was evident. Currently, the patient is
unable to walk without assistance and her language
is markedly impaired because of worsening dysar-
thria. At 21 years the patient had an intelligence
quotient (IQ) of 27 assessed with the Binet Simon
Intelligence Scale Revised. Cognitive impairment
progressed and by the age of 30 the IQ was not
assessable. Seizure onset was in the first year of life.
When seizures were initially observed, the patient
demonstrated complex partial seizures (CPS) with
sudden arrest of ongoing activity, stare gazing,
unresponsiveness, motor and oral automatisms,
lasting from 1 min to 1 h. Frequent generalized
tonic-clonic seizures (GTCS) were reported, fre-
quently preceded by long-lasting CPS. Seizures
were AED resistant and the patient experienced
10—30 seizures per/month, in spite of therapy with
2 or 3 AED (phenobarbital, valproate, carbamaze-
pine, gabapentin). From the age of 37, the patientvery evident dysmorphic features.
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Figure 2 EEG findings. Normal regional distribution with slow occipital alpha rhythm at 21 years (a). Bursts of frontal
dominant high-voltage theta waves with sharp morphology at the same age (b). High voltage theta and delta activity with
frequent incidence of paroxysmal generalized bursts at 33 years (c). Ictal EEG during a NCSE episode, at 39 years (d).experienced CPS of long duration, occasionally with
persistent unresponsive status with automatisms,
and 4—10 GTCS per/month. The patient experi-
enced one episode of convulsive status epilepticus
and three non-convulsive status epilepticus (NCSE)
of partial type.
During follow up, background electrical activity
showed a progressive worsening, unrelated to sei-
zure incidence or drug treatment. At 21 years of
age, a normal regional distribution of EEG activity
with slow occipital alpha rhythm was evident.
Bursts of widespread high-voltage theta waves,
occasionally with sharp morphology, were sporadi-
cally recorded (Fig. 2a and b). During the following
years, a progressive disorganization of background
activity occurred with loss of regional rhythm dis-
tribution, disappearance of alpha rhythm and pre-
valence of high-voltage theta and delta activity
with frequent incidence of paroxysmal generalized
bursts (Fig. 2c). Ictal EEG during an NCSE episode,
showed widespread high-voltage theta-delta activ-
ity with bursts of spike-and-wave complexes
(Fig. 2d).
Chromosome analysis from blood lymphocyte cul-
tures showed ring chromosome 20 with terminal
breakpoints in 50% of examined metaphases. A pro-portion of mitoses presented a double ring 20 or a
monosomy. The remaining 25% presented two nor-
mal chromosomes (chromosome 20). Cytogenetic
investigation in both parents revealed a normal
karyotype. Fluorescence in situ hybridization (FISH)
showed that subtelomeric regions 20p and 20q were
deleted (Fig. 3).
Adenosine deaminase activity (ADA) in red cell
lysate was normal. Lymphocyte subpopulation ana-
lysis revealed an inversion of the CD4/CD8 ratio with
a value of 0.6 (normal value usually >1). Levels of
cytokines in plasma showed a reduced level of Il-10,
Il-2 and a-TNF.Discussion
Phenotypic variability is a feature of r(20) syn-
drome. AED resistant epilepsy is a common finding,
while dysmorphic features are less frequent. In a
study of 26 patients,2 epilepsy was identified in
100%, mental retardation in 20/26, behaviour dis-
turbance in 12/26, microcephaly in 9/26, minor
dysmorphic anomalies in 8/26, major anomalies in
3/26, and growth disturbance in 4/26. Mental retar-
dation and behavioural disturbances are frequently
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Figure 3 (a) FISH with TelVysion 20p SG DNA probe for specific subtelomeric region of chromosome 20p. Note the
absence of signal on ring chromosome 20. (b) FISH with TelVysion 20q SO DNA probe for specific subtelomeric region of
chromosome 20q. Note the absence of signal on ring chromosome 20. (c), (d) Double ring.very mild, thus school attendance is possible.6—8 A
normal psychomotor development until seizure
onset has been reported in several patients1—3,6—9
and a progressive mental impairment associated
with the onset of seizures was described.8 A recently
reported case showed a progressive psychological
deterioration during a 13-year follow-up period.10
Dysmorphic features, mental retardation and
age at seizure onset are related to the increasing
ratio of abnormal lymphocytes4; however, epilepsy
severity does not appear to correlate with
the degree of mosaicism.1 The telomeric region
20q13, involved in ring formation, is the physical
region where the EEG variant pattern 1 (character-
ized by almost complete absence of alpha waves)
and two other epileptic loci map: (1) autosomal
dominant nocturnal frontal lobe epilepsy (ADN-
FLE)11; and (2) benign familial neonatal convulsions
(BFNC1).12 In contrastwith genetic syndromes char-
acterized by isolated epilepsy, deletion of telo-
meric 20p-q regions implies a large chromosomal
re-arrangement. Moreover, phenotypic features
are related to ring instability in spite of the entity
of deleted material (‘‘ring syndrome’’).13
Our case presents a complete phenotypic expres-
sion, withmarked dysmorphic features, severemen-
tal retardation and intractable epilepsy, with long-lasting CPS with or without generalization and epi-
sodic NCSE. The epileptic pattern evolved over time
with frequent incidences of GTCS similar to pre-
viously reported cases.2,3,7 A 25-year follow-up per-
iod of clinical and EEG observations, as in the
present case, has not been previously reported.
During this period, clinical features deteriorated,
severe mental retardation further progressed and
motor and verbal impairment worsened. A progres-
sive disorganization of EEG background activity
occurred, with the loss of alpha rhythm, increase
of high-voltage theta and delta activity and fre-
quent incidence of paroxysmal generalized bursts.
Cytogenetic analysis with banding procedures
and FISH analysis demonstrated a loss of subtelo-
meric regions in our patient. Ring instability and
death of aneuploid cells (monosomy 20 is not a
viable chromosomal constitution) might explain
the phenotype severity in contrast with 25% normal
lymphocytes.
Our findings suggest that the severity of clinical
features may depend on the extent of chromosomal
deletion and on the haploinsufficiency of other
important related genetic loci due to ring instabil-
ity. Moreover, the progressive worsening of clinical
and EEG features over a long period of time, further
characterized this syndrome.
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